
Aerosol Polarimetry Sensor for the Glory Mission 

Richard J. Peralta,*
1
 Carl Nardell,

1
 Brian Cairns,

2
 Edgar E. Russell,

1
 Larry D. Travis,

2

Michael I. Mishchenko,
2
 Bryan A. Fafaul,

2
 and Ronald J. Hooker

3

1Raytheon Santa Barbara Remote Sensing, 75 Coromar Dr., Goleta, CA 93117 
2NASA Goddard Space Flight Center 

3NASA Headquarters 

ABSTRACT 

This paper describes the Glory Mission Aerosol Polarimetry Sensor (APS) being built by Raytheon under contract to 

NASA’s Goddard Space Flight Center.  Scheduled for launch in late 2008, the instrument is part of the US Climate 

Change Research Initiative to determine the global distribution of aerosols and clouds with sufficient accuracy and 

coverage to establish the aerosol effects on global climate change as well as begin a precise long-term aerosol record.  

The Glory APS is a polarimeter with nine solar reflectance spectral bands that measure the first three Stokes parameters 

vector components for a total of 27 unique measurements.  In order to improve the reliability and accuracy of the 

measurements, additional 9 redundant measurements are made, yielding a total of 36 channels. The sensor is designed 

to acquire spatial, temporal, and spectral measurements simultaneously to minimize instrumental effects and provide 

extremely accurate Raw Data Records.   The APS scans in the direction close to of the spacecraft velocity vector in 

order to acquire multi-angle samples for each retrieval location so that the Stokes parameters can be measured as 

functions of view angle.     

Keywords: Polarization, polarimetry, global warming, climate forcing, aerosols, black carbon, MODIS, MISR, 

POLDER, Glory Mission 

1. INTRODUCTION 

1.1 Science Overview 

The NASA Glory Mission has two main science objectives that will be met by two sensors: 

Collect data on the properties of aerosols and clouds in the Earth’s atmosphere. 

Collect data on solar irradiance for the long-term effects on the Earth climate record. 

The Aerosol Polarimetry Sensor (APS), as the name implies, provides a measurement of aerosol content in the 

atmosphere and will satisfy the first goal.  The second goal will be fulfilled by providing continuity of data from the 

Total Irradiance Monitor (TIM) instrument which has been flying aboard the 2003 launch of the SOlar Radiation and 

Climate Experiment [3].   

The significant uncertainty in the current effects of aerosols on climate and the consequent uncertainty in predictions of 

future climate has led to the need for increased measurement capabilities [4, 6, 7, 9]. Atmospheric aerosols directly 

affect the climate by absorbing and reflecting incident solar radiance.  In addition aerosols have an indirect effect on 

cloud properties since increased aerosol content can lead to a larger number of smaller cloud droplets, which makes 

clouds brighter, decreases rainfall, and increases cloud lifetime.  It is also the case that the properties and amount of 

aerosols that are present in the atmosphere vary considerably both spatially and temporally around the globe [5, 8]. In 

order to reduce the uncertainty in the radiative forcing of climate by aerosols it is therefore necessary to make 

continuous, global and long-term measurements that effectively and accurately constrain the amount and types of 

aerosols.  

Of particular concern are anthropogenic aerosols since production of many aerosol species is largely ungoverned.  In 

particular black carbon soot absorbs incident solar radiation and re-radiates in the infrared spectrum making it an 

additional source of global warming [2].  In the 1997 Kyoto Protocol, black carbon was considered to be a significant 

Invited Paper

MIPPR 2007: Automatic Target Recognition and Image Analysis; and Multispectral Image
Acquisition, edited by Tianxu Zhang, Carl Nardell, Duane Smith, Hangqing Lu, Proc. of SPIE

Vol. 6786, 67865L, (2007) · 0277-786X/07/$18 · doi: 10.1117/12.783307

Proc. of SPIE Vol. 6786  67865L-1



contributor to global climate change as well as health impacts, an aspect of that protocol that was endorsed by the 

current administration.  Monitoring black carbon aerosols is important to the Glory mission and a significant part of the 

overall science objectives.  While black carbon serves to increase global temperature, sulfate aerosols, generated from 

the efficient burning of fossil fuels containing sulfur, act to cool the atmosphere by reflecting the solar radiation back 

into space.  The opposing effects that aerosols can have on climate depending on their composition demonstrates the 

need for better knowledge of aerosol emissions, composition and amount in order to determine the best policy forward.  

It is exactly this capability that the APS instrument will provide. 

Aerosol fields are spatially heterogeneous about the globe and tend to be short-lived in the atmosphere as they mix with 

other agents and are then removed by wet (rain), or dry deposition. A low-Earth-orbit polar-orbiting satellite is the only 

reasonable method to measure aerosol properties with sufficient spatial and temporal coverage.  Other satellite assets do 

make aerosol measurements: the MODerate-resolution Imaging Spectroradiometer (MODIS), the Multi-angle Imaging 

SpectroRadiometer (MISR) and the POLarization and Directionality of Earth Reflectance (POLDER) [7].  While these 

instruments greatly improve upon the capability of the previous generation of sensors, they cannot fully monitor all the 

aerosol properties that are important to climate change.  Intensity radiometers do retrieve key environmental data 

records (EDRs) of aerosol optical thickness and an estimate of size but this is not sufficient to identify the chemical 

composition or amount of absorption in the aerosols and determine the number or concentration of aerosols serving as 

cloud condensation nuclei.  Refractive index, single scattering albedo, particle shape and size distribution are the EDRs 

that are needed to effectively study global climate change.  These properties can only be retrieved by precise multi-

angle polarized reflectance measurements since the polarization state of the scattered sunlight is very sensitive to cloud 

and aerosol microphysics which is not the case for intensity-based measurements [6].  The POLDER sensor has the 

ability to measure polarization but is effectively limited to the use of only two spectral bands with central wavelengths 

shorter than 1000 nm and does not have the polarimetric accuracy to perform the EDR retrievals.   

Land-based intensity measurements are dominated by reflection off the underlying surface and have strong spectral 

contrast, which makes the discrimination of the aerosol signature difficult.  Polarized intensity measurements have weak 

spectral contrast with a strong variation as a function of scattering geometry, which makes it straightforward to 

segregate surface from atmospheric effects.  Figure 1 illustrates this point. 

The APS design is inherently more accurate than the POLDER design since APS employs simultaneous measurements 

of the polarized intensity components, whereas POLDER makes sequential measurements.  Sequential measurements 

are susceptible to error because over the period that all the Stokes parameters are sensed, the scene that is observed may 

change so that when the polarization is calculated variations in reflectance create a “false” polarization.  Notice that 

intensity measurements appear equivalent for simultaneous and sequential measurements while polarized measurements 

are quite different, as demonstrated in Figure 2 below. 

Figure 1.  Intensity measurements (left) are less 

sensitive to scattering geometry from polarimetry 

(right) 

Figure 2.  Simultaneous measurements from intensity and polarization (left 

picture 1 and 2 respectively) are much more accurate than sequential 

measurements of intensity and polarization (right picture 3 and 4 

respectively)

The APS was originally conceived as part of the instrument suite aboard NASA’s Earth Observing System (EOS) 

platforms in the late 1980’s.  Called the Earth Observing Scanning Polarimeter (EOSP), it shared many design elements 

of heritage Santa Barbara Remote Sensing (SBRS) planetary polarimeters such as the 1972/1973 Imaging 
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Photopolarimeter (IPP) aboard the Pioneer 10 and 11 missions, the 1978 Cloud Photopolarimeter (CPP) aboard the 

Pioneer Venus Orbiter mission, and the 1989 Photopolarimeter Radiometer (PPR) aboard the Galileo mission (Figure 

3).  While the EOSP hardware development was not funded specifically, the Research Scanning Polarimeter (RSP), an 

aircraft version based on the EOSP design [1], was partially funded by NASA’s Goddard Institute for Space Studies 

(GISS) and was built by the SpecTIR Corporation.  This instrument has been flown in various campaigns since 1999 to 

prove the overall sensing technique.   

Figure 3.  Timeline of legacy polarimeters leading up to the 2008 launch of APS. 

1.2 Mission Overview 

The Glory mission is composed of 3 segments: the Space Segment, the Ground Segment, and the Launch Segment.  

Each segment is logically broken down into a series of systems that perform a major operational or functional task. The 

Space Segment is composed of the APS, the TIM provided by the Laboratory for Atmospheric and Space Physics 

(LASP) of the University of Colorado/Boulder, the Cloud Cameras (CCs) provided by Ball Aerospace, and the Orbital 

Sciences Corporation (OSC) spacecraft.  The Space Network, which is an element of the Space Segment, is composed 

of existing assets to provide additional means of communication to the Ground Segment.  The Ground Segment is 

composed of the ground system, the Science Operations Centers (SOCs) for the APS (at GISS) and TIM (at LASP), and 

the Distributed Active Archive Center (DAAC).  Within the Ground System are the ground stations to communicate 

with the Space Network and satellite directly as well as the Mission Operations Center (MOC).  The Launch Segment 

comprises all elements of the OSC spacecraft, the Taurus XL launch vehicle, and the launch facility at Vandenberg Air 

Force Base (VAFB).   

The TIM is part of an ongoing program to monitor the solar irradiance.  It is mounted on a gimbaled deck in order to 

point to the sun regardless of the Spacecraft orientation.  The instrument is an active cavity radiometer that observes the 

solar output entering the Earth’s atmosphere.  Continuously monitoring the balance between the two is necessary to 

ensure that the solar output is not confused with environmental change.  The two CCs, each a 2-band high resolution 

radiometer, augment the APS by helping to differentiate cloud from aerosol within the APS pixel and  are a back up to 

the MODIS data by providing a cross-track swath of aerosol load and fine mode fraction over the ocean.   

Photopolarimeter

Radiometer

Imaging

Photopolarimeter

Cloud

Photopolarimeter

Earth Observing 

Scanning Polarimeter 

Research Scanning 

Polarimeter 

19891972/1973 1978 1991 2008

Aerosol Polarimetry 

Sensor

1999

Proc. of SPIE Vol. 6786  67865L-3



Figures 4a-b.  Glory spacecraft and sensor payloads in launch configuration (left) and APS deployed (right).

The APS will formation fly in a 705 km polar orbit with a 1330 descending equatorial crossing at a 98.2 degree 

inclination.  This places the APS in the NASA afternoon orbit, or A-Train orbit following the NASA Aqua satellite 

carrying the MODIS instrument.  APS will be approximately 3 ½ minutes behind MODIS and 270 km offset in the 

track direction to maximize the correlation between the two sensors. 

2. SYSTEM ARCHITECTURE 

2.1 System Optimization 

Several key requirements drove the overall architecture of the sensor.  Chief amongst these are the science requirements 

flowdown of accuracy and precision.  The EDR accuracy requirements [4] demand a highly accurate sensor that cannot 

be met with current radiometer technologies.  A polarimeter is inherently a more accurate device since it provides data 

to make ratio-based measurements which divides out systematic errors, leaving only residual differences.  As noted 

above, it is imperative that the sensor configuration be spatially, temporally, and spectrally simultaneous to avoid the 

inaccuracies associated with sequential measurements. If the scene is constant, then the systematic errors are identical 

for all channels.  In this way, polarimetric accuracy requirements on the order of a few tenths of a percent can be 

achieved.  While the APS does not measure circular polarization, this has no significant affect on the accuracy of the 

EDRs since the circular polarization component is typically at least two orders of magnitude smaller than the linear 

components.  Since a polarimeter directly measures the absolute radiance, APS also functions as a radiometer and can 

achieve accuracies of ~5% with the aid of solar reflectance calibration.  

The EDR precision requirements flow directly to sensor polarimetric precision since it is made up of four independent 

measurements, each with associated noise.  This in turn limits the ability to resolve the difference between the 

individual component measurements which is necessary to resolve the scene polarization.  Polarimetric precision 

directly drives the sensor SNR which is critical to optimize since it drives the overall aperture size, mass, and other key 

system parameters. 

Originally, the EOSP was oriented to scan across the spacecraft velocity track – similar to typical LEO 

imaging/mapping systems.  This provides excellent spatial coverage of the globe but leaves large gaps of time to build 

up the angular views at a given retrieval site.  The APS will be oriented to scan along the velocity axis to acquire all 

necessary multi-angle measurements within 300 seconds.  This is traded at the expense of continuous global coverage, 

but since aerosol fields tend to be large and the mission is observing climactic trends, this is quite acceptable [6].  While 

300 seconds is effectively simultaneous on an aerosol timescale, the Earth will rotate in this period and the individual 

multi-angle samples will be displaced.  To compensate for this effect, the spacecraft and APS will have a 3.2 degree 
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offset about nadir to reduce the effective spread.  Since the Earth’s rotational velocity varies as a function of latitude, 

the optimal latitude is set at approximately 40 degrees which corresponds to a large population congregation of humans.  

The offset is provided by the spacecraft orientation in flight as opposed to an APS offset on the spacecraft.  This allows 

the localized optimization to be easily changed if desired. 

The APS acquires data over a large range angles to characterize the scatter target which directly leads to the sensor scan 

angle requirement of +/– 50° plus a near limb view of 60° to one side, or a full angular field of view of 110°.  The 

relationship of the APS line of sight and the incident solar radiation is the central geometry of the system.  In simple 

terms, the APS collects scatter data of a target where the sun is the source of illumination and the APS is the detector.  It 

is planned that periodically throughout the mission, the APS will be maneuvered about the velocity axis to directly view 

the solar glint and get an improved measurement of the aerosol absorption.   

The APS takes valid data on the day-lit side of the Earth and operates in the solar reflective spectrum from 0.4 to 2.3 

m (Figure 6).  The band centers and widths are chosen for the atmospheric properties as well as sensor considerations 

such as signal-to-noise (SNR) and synergy with MODIS for direct data correlation.  Seven of the nine available spectral 

bands are used for aerosol retrievals while the 2 remaining bands are used to measure water vapor and to screen for 

cirrus clouds (the 910 and 1378 bands, respectively).  

The dynamic range requirement is derived from several factors: comparison with similar sensors with similar 

applications, forward top of the atmosphere (TOA) radiance models, and considerations to SNR.  High-albedo scenes 

from either cloud tops or bright land scenes produce the highest radiances and set the maximum radiance (Lmax).  The 

minimum radiance (Lmin) is the lowest radiance scene that is reasonable to expect and still retrieve EDRs with sufficient 

SNR.  As the APS approaches the day/night terminator of the Earth, the radiance values will fall below Lmin and not be 

sufficient for the EDR retrieval algorithms.  In addition, the sensor provides a dark reference view each scan together 

with a small electronic offset for each channel to ensure that the signal measurements are not clipped.  Similarly, the 

upper portion of the sensor dynamic range has a 25% margin and acts as a buffer to avoid saturation.  The typical 

radiance (Ltyp) is a value that is selected to set the noise- equivalent radiance (NEdL) which in turn is the value where 

the SNR is specified.  In actual fact, Ltyp is not the typical scene which one would expect to see, rather it is a threshold 

that drives the sensor performance and resolution to accommodate Lmin to Lmax measurements. 

Figure 6.  APS spectral bands (normalized to TOA) and scene 

dynamic range. 

________________________________________________

_
Figure 5 (left).  Geometric relationship of the APS, incident solar 

vector, and scatter target. 

Legend:   LTP = latitude of scatter point 

                LTA = latitude of APS 

                LTS = latitude of solar vector 

                LGP = longitude of scatter point 

                LGA = longitude of APS 

                LGS = longitude of solar vector 

                w = APS position relative to equator crossing 

                eps = angle between APS and scatter target 
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The scan and sampling rate, instantaneous field of view (IFOV), and aperture size comprises a multi-dimensional trade 

that sets a large part of the sensor architecture.  Several examples illustrate the point: if the scan rate is increased, more 

data is available but each sample’s SNR is decreased; increasing the aperture rapidly increases SNR but drives the 

overall mass and volume of the system.  The APS has loose imaging requirements and is more appropriately referred to 

as a scanning sounder type of instrument.   As such, the IFOV and integration time were optimized for SNR for a given 

footprint (geometric plus integration drag).  To minimize scene inhomogeneity, a maximum footprint of 10 km was set.  

Solving for maximum SNR yields a factor of 2 between the spatial and temporal components or an 8 mrad IFOV and a 

4 mrad integration drag, which corresponds to 0.96 ms.  A sufficient number of angular samples as well as the spacing 

between them are necessary to balance sensor performance.  Plotting scan rate against the ground sample distance 

(GSD) for a given spacecraft velocity yields an optimal solution of 40 RPM which corresponds to a GSD of 

approximately 10 km.  Note, while the GSD and the ground IFOV are the same value, they are independent factors.  

The system timing is based on the sample spacing.   With 1.92 ms sample centers, there are 768 samples within a scan 

revolution or 40.69 RPM.  Thus, the timing is based on multiples of 768 to keep the timing synchronous. 

The APS was optimized for the 824 km orbit and has subsequently changed to the A-Train 705 km orbit to follow 

MODIS aboard the EOS Terra (Figure 7).  While this does alter the sampling and spatial geometry, the algorithm 

retrievals are insensitive to such minor perturbations and are of no consequence to the quality of the EDRs. 

Figure 7.  824 km orbit (left) scanning and timing parameters and A-Train orbit (right) parameters 

Since the purpose of the mission is for long-term climate monitoring, stability is critically important so that subtle 

instrument changes are not confused with climate changes.  Space environment effects such as radiation degradation, 

thermal perturbations, optical contamination, etc. alter the sensor’s performance.  To account for these variations, the 

APS has individual unpolarized and polarized references as well as a radiometric reference.  The unpolarized input 

accounts for relative changes amongst the channels while the polarized input rescales the channels to a normalized 

level.  The radiometric source provides an absolute calibration via solar reflectance from a known reflector to reset the 

channel gains to the correct radiometric scale.  A dark reference is also necessary to subtract the signal offset from the 

floor of the ADC and ensure the detectors are returned to a DC level every scan to provide accurate signal levels and 

prevent drift out of the dynamic range.  Periodic review of the on-orbit calibration data as a function of time data allows 

the accuracy to be maintained by adjusting calibration coefficients.  This process is described in the calibration and 

characterization section of the paper below.   

The APS has only 3 modes: OFF, SAFE, and OPERATIONAL (Figure 8a).  This minimal set of modes leads to a 

simplified operational concept.  When the operational power bus is un-powered APS is in the OFF mode; however, 

survival heaters and passive temperature sensors are available.  The APS is in the OPERATIONAL mode when the 

power bus is active – all of the APS functions are active; the sensor produces science and state of health (SOH) 

telemetry.  The SAFE mode is identical to the operational mode except that the scan mirror is pointed anti-nadir to 

protect the optics from contamination or accidental direct solar views.  Upon power-up, the APS enters the SAFE mode 

and must be commanded to OPERATIONAL.  If the scan position is not known from last power up, transitioning to 

OPERATIONAL and then to SAFE is necessary to ensure that the scan mirror is located in the stow position.  The 

preferred order for power-down from operating is SAFE, then OFF.  Power can be removed at any time without 
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damage, however, the scan mirror position will not be known unless it is commanded to SAFE before powering off.    If 

several consecutive time-of-day stamp transmissions from the spacecraft to the APS are missing, it may be that the 

spacecraft pointing or state is not known.   Correspondingly, the APS will autonomously place itself in the SAFE mode.  

The APS operational concept compliments the on-orbit timeline (Figure 8b).  The APS is in the OFF mode with 

survival heaters enabled during the launch, spacecraft checkout, and orbital maneuvers.  The APS is then transitioned to 

SAFE and then OPERATIONAL to begin the APS check out and outgas.  The spacecraft will then perform a maneuver 

to view the moon (with the aperture) and sun (with the solar reference) to establish a radiometric calibration baseline.  

Thereafter, the APS will continuously take nominal science data with periodic lunar views to monitor radiometric 

stability and glint maneuvers to monitor the absorption of black carbon.  At the end of the mission life, the spacecraft 

will be decommissioned and brought into the Earth’s atmosphere for disposal. 

Figures 8a and 8b.  Simple mode transitions and mission operational timeline

One of the key elements in optimizing the system architecture is ensuring that the science requirements do not overly 

drive performance margin and manufacturability.  As such the science, interface, environment, and mission assurance 

requirements are balanced for best value against engineering and production capability.  The top level design 

characteristics driven by the design are shown in Table 1 below. 

Table 1.  Key system requirements driving the design with margin 

Parameter Requirement Performance Design 

Instrument

architecture 

Light measuring simultaneous 

linear polarimeter 
By design 

6 co-registered refractive telescopes 

with polarization canceling scan mirrors 

Spectral bands 
410, 443, 555, 672, 865, 910, 

1378, 1610, 2250 nm 
By design 

3 bands per telescope split by dichroics 

and filters 

Dynamic range TOA radiances Pedestal and ceiling margin 16-bit ADC per band 

Scanning Along-track 40 +/– 1 RPM Along-track 40.69 RPM 3 phase DC-brushless motor 

IFOV 8 +/– 0.4 mrad 8.16 mrad (5.6 km) Field stop at telescope focus 

Integration period 50% IFOV 0.961 ms (2.9 km) Simultaneous sampling electronics 

Field of view +/–50° about nadir +50.5°/–63° Large view with aperture door 

GSD 2 x integration time 1.92 ms (5.8 km) Synchronous timing with scanner  

Radiometric accuracy 5% all bands except 8% 1378nm > 10% margin Solar diffuser reflector + calibration 

Polarimetric accuracy 
0.002 for P < 0.2; 0.002 + 

0.00375 (P – 0.2) for P > 0.2 
> 10% margin 

Low instrumental polarization and 

depolarization + calibration 

Polarimetric stability <0.1% per year <0.1% per year 
Polarizing prisms/wire grid and crystal 

depolarizing calibrators 

SNR
All bands > 235, except 910nm > 

94, 1378nm > 141 
All bands SNR > 30% margin 

Low system noise, 1/1.5 cm 

VNIR/SWIR apertures 

Mass 69 kg 58.4 kg Lightweighted aluminum structure 

Stowed dimensions 80 x 110 x 54 cm (x, y, z) 60.8 x 70.2 x 53.5 cm Single housing with deployable doors 

Reliability 0.944 0.959 Block redundant electronics 

Power 
Orbit average: < 45W operational, 

< 40W survival 

33.6W electronics, 5.5W 

operational heaters 

Efficient power supplies, low power 

parts

Data rate <160 kbps <139 kbps Dually redundant 1553 bus 
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Operational 
Power 
On/Off

Operational 
Command

SAFE Command 
or autonomous 

SAFE
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Day
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Day 1 – 4 Launch, bus checkout, transition to normal

Day 5 - 22 Orbit raise & verification, additional bus check

Day 23 -39 Outgas period, APS on

Day 40 - 46 Nadir door open, initial lunar and glint moves

Day 47 - … Solar door open, radiometric/lunar calibrations

Nominal science operations
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2.2 Sensor Design 

The APS is composed of two major modules, the Polarimeter Module (PM) and the Electronics Module (EM) (Figures 

9 and 10).  The PM functionally collects the scene and calibration data up to and including the pre-amplifier level as 

well as supplies the opto-mechanical structure to survive the launch and perform in the thermal environment.  The EM 

provides the analog signal processing as well as command, control, and data formatting.  In turn, the modules are 

composed of main assemblies and subassemblies to perform specific functions to meet the system requirements.  

Conversely, during integration the subassemblies are built up to the main assemblies, modules, and finally sensor.   

Figure 9.  Exploded view of system illustrates hardware components.  
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Figure 10. APS block diagram of assemblies, information flow, and interfaces (Redundant components are shown in pink shadow 

boxes).

The Optics and Detector Module (ODM) (Figures 11–13) houses the optical system which consists of six boresighted 

telescopes oriented in a radial bunch, four of which pass the visible and near-infrared (VNIR) bands and two pass the 

short-wave infrared (SWIR) bands.  The 1 cm aperture afocal VNIR telescopes are each composed of an objective and a 

collimator with a field stop located at the focus that defines the IFOV.  The SWIR telescopes are similar to the VNIR 

but with 1.5 cm apertures to increase SNR to the required levels in those bands.   

Wollaston prisms are located behind the telescopes and serve as the polarization analyzers for the system.  The S and P 

polarization states are spatially separated by a small divergence angle into two beams.  Three of the six telescopes have 

the Wollaston prisms oriented to resolve the 0°/90° polarization components while the other three conjugate telescopes 

have the Wollaston prisms physically rotated by 45° in azimuth with respect to the first set to resolve the 45°/135° 

components.  In this manner, the four linear polarization components are resolved for each of the 9 spectral bands which 

results in 36 simultaneous measurements.   

Once processed by the analyzers, the light for each path is passed through a series of dichroic filters that folds the light 

orthogonally and provides broadband spectral separation.  The tilt axis of the dichroic is aligned such that the two 

conjugate channels strike the surface with the same path length to avoid polarization errors that are induced by a varying 

polarized spectral response within a scene.  A focus lens and narrowband filter is located in each discrete optical path.  

Each focused S and P state is re-imaged on one of 36 discrete detector elements.   
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The VNIR bands utilize blue and red enhanced silicon photo-diodes, whereas the SWIR energy is folded into a 

cryogenic dewar and relayed by field lenses to form a pupil image on mercury cadmium telluride detectors to avoid any 

detector spatial response variations.   

Figure 12. Visible Optics and Detectors Assembly (VODA). 

Figure 11.  End to end optical path of ODM. Figure 13. SWIR Optics and Detectors Assembly (SODA).

All of the telescopes are continuously scanned 360° by the Scan Motor Assembly (SMA) about the optical axis by a pair 

of polarization compensated scan mirrors (Figures 14 and 15).  This eliminates response versus scan (RVS) since the 

angle of incidence is constant as a function of scan angle.  The two matched aluminum mirrors have a 45° out-of-plane 

orientation with respect to each other, which results in zero net polarization mismatch.  A set of windows encapsulate 

the scan mirrors so that they do not become differentially contaminant and thereby change the relative reflectance and 

disrupt the inherent polarization compensation.   

Polarimetric and radiometric accuracy is maintained by a set of calibrators to ensure that system performance is met 

throughout the mission.  Four calibration sources are located along the scan plane so that calibration data are measured 

each scan (Figure 16).  The Unpolarized Reference Assembly (URA) provides intra- and inter-telescope relative 

responsivity factors (K1, K2, and C12 factors explained later) which are critical to meet polarization accuracy and 

stability.  The URA is nadir facing so that the spectral content and dynamic range of the scene is virtually the same as 

that measured by the Earth samples.  It provides a depolarized view for all of the detectors by means of a polarization 

scrambler composed of two wedges of crystalline quartz with the optical axes orientated 45° to each other – a spatially 

varying retardance is created which scrambles any scene polarization.   

A second nadir-facing polarimetric calibrator, the Polarized Reference Assembly (PRA), contains a set of Glan–Taylor 

prisms for the VNIR bands and a wire grid polarizer for the SWIR bands to create a view for all channels that is highly 

polarized with a known azimuth.  The PRA is used to ensure that the absolute degree of linear polarization of scene 

measurements is correct.  It is also used to monitor and correct for any change in instrumental polarization that may 

occur over the mission lifetime.   

The Solar Reference Assembly (SRA) provides for absolute radiometric correction by means of solar reflectance from a 

well characterized diffuser plate.  The SRA is positioned to view the sun when the spacecraft is just behind the North 

Pole terminator.   
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